INTRODUCTION
============

COVID-19 is a novel disease with a broad and expanding clinical presentation. There is growing evidence of cytokine release syndrome (CRS) in patients with severe disease ^\[[@b1-1784-1-14421-1-10-20200617]\]^. Furthermore, hypercoagulability due to this pro-inflammatory state is very prevalent in these patients and leads to thromboembolic events ^\[[@b2-1784-1-14421-1-10-20200617]\]^. COVID-19 infection complicated by CRS and hypercoagulability with potential multi-organ complications is increasingly recognised. With ongoing disease and rising numbers of COVID-19 patients being discharged from hospital, the focus will shift towards mid- and long-term follow-up and complications. This case report describes a patient with unusually rapid development of life-threatening pulmonary hypertension (PH) following earlier hospitalisation and successful treatment for severe CRS caused by COVID-19 infection.

CASE DESCRIPTION
================

A 60-year-old man, with a medical history of minor myocardial infarction with no abnormalities on coronary angiography 7 years earlier, was admitted to our intensive care unit (ICU) for severe COVID-19 pneumonia in April 2020. He was treated with mechanical ventilation, ceftriaxone, chloroquine and low-molecular-weight heparin in prophylactic doses, since CT angiography (CTA) revealed no signs of pulmonary embolism (PE). Because of associated CRS, treatment with methylprednisolone was initiated, followed by tocilizumab. The patient was weaned off ventilation after a few days. Within 2 weeks he was discharged to a rehabilitation centre, with 1 l/min nasal oxygen support.

However, 10 days after discharge, he was re-admitted to the ICU because of progressive dyspnoea and severe hypoxaemia, requiring high-flow nasal oxygen. Laboratory tests revealed no recurrence of CRS (C-reactive protein 32 mg/l, ferritin 413 μg/l and D-dimer 659 μg/l) or ongoing viral pneumonia (SARS-CoV-2 PCR was twice negative on Eswab and bronchoalveolar lavage fluid). Repeated CTA also proved negative for PE, but demonstrated progressive interstitial pulmonary abnormalities. Signs of cardiac decompensation or acute coronary syndrome were absent (including low NT-proBNP and troponin-T). During the first days after re-admission, oxygenation worsened, with diuretics not having any effect. Eventually the patient was intubated, requiring high doses of sedation, fluids and vasopressors. The negative response to diuretics and slightly enlarged P-waves on electrocardiography required further cardiac evaluation. Cardiac ultrasound confirmed normal left ventricular function without valvular disease, but revealed a grossly enlarged right ventricle (RV) with a flattened interventricular septum ('Delta sign'). Based on tricuspid regurgitation velocity and inferior caval vein diameter and collapse, RV systolic pressure (RVSP) was estimated to be 60--65 mmHg ([Figs. 1](#f1-1784-1-14421-1-10-20200617){ref-type="fig"} and [2](#f2-1784-1-14421-1-10-20200617){ref-type="fig"}), indicating PH.

Cardiogenic shock was suspected because of an acute rise in serum creatinine and serum liver transaminase levels. Because of the patient's critical condition, treatment with sildenafil and methylprednisolone was initiated as a pragmatic approach. Repeated echocardiography 10 days later showed disappearance of the Delta sign, and diminished RV and inferior caval vein dimensions with a RVSP estimated at 30--35 mmHg. Currently, the patient is still on mechanical ventilation.

DISCUSSION
==========

COVID-19 pneumonia often causes extensive bilateral lung damage, eventually leading to pulmonary fibrosis in some patients ^\[[@b3-1784-1-14421-1-10-20200617]\]^. COVID-19 appears to provoke a hypercoagulable state and PE ^\[[@b4-1784-1-14421-1-10-20200617]\]^. Coagulopathy is most likely explained by immunothrombotic pathways and by complement-mediated microvascular injury, reported in autopsies ^\[[@b5-1784-1-14421-1-10-20200617],\ [@b6-1784-1-14421-1-10-20200617]\]^. Diffuse alveolar and interstitial damage, inflammation and extensive pulmonary macrophage activation, compatible with CRS, all contribute to pulmonary intravascular coagulopathy ^\[[@b7-1784-1-14421-1-10-20200617]\]^. Dysregulation of the pulmonary innate immune response, like ACE2 receptor expression downregulation, as well as altered adaptive immune responses, are potential pathophysiological mechanisms for the development of PE in COVID-19 ^\[[@b7-1784-1-14421-1-10-20200617]\]^.

PH is usually classified into five groups ^\[[@b8-1784-1-14421-1-10-20200617]\]^. In this patient, extensive autoimmune laboratory evaluation proved negative and no high-risk medication for the development of PH had been used previously, suggesting group I PH (idiopathic and heritable), so it was most unlikely that drug-induced, connective tissue disease was the cause of the PH. Furthermore, indications for group II (due to left heart disease) and group V PH (due to unclear or multifactorial mechanisms) were absent. Given the rapid onset of symptoms in this patient -- after initial recovery from severe COVID-19 pneumonia with CRS -- a combination of group III (due to obstructive or restrictive lung disease) and IV PH (due to pulmonary artery obstruction) is proposed. However, macro-vascular PE could not be confirmed with repeated CTA. Microvascular injury may have had an important role in the development of PH in the current case. In view of the association of COVID-19 with coagulopathy and microvascular disease, subsequent potential micro-PE as well as interstitial pulmonary damage, PH is likely to be a frequent complication of severe COVID-19 pneumonia and CRS. Furthermore, the patient described in this case report developed PH over a much shorter time period than usually expected considering the underlying pathophysiological mechanisms.

COVID-19 is a pulmonary viral infection which can result in severe systemic, multi-organ disease in some patients. The long-term consequences of this disease are not fully known, but are gradually emerging and being described. To the best of our knowledge, this is the first case report of a patient who developed PH unusually quickly after COVID-19 infection, probably due to residual marked pulmonary parenchymal abnormalities in combination with microvascular damage of the pulmonary arteries. Therefore, awareness of PH as a complication of COVID-19 is warranted.
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